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The characterization of a broad representative sample of ST131 Escherichia coli isolates from different origins and settings (1991
to 2010) revealed that this clonal group has likely diversified recently and that the expansion of particular variants has probably
been favored by the capture of diverse, multidrug-resistant IncFII plasmids (pC15-1a, pEK499, pKF3-140-like). The low ability
to adhere and to grow as biofilm that was detected in this study suggests unknown mechanisms for the persistence of this clonal
group which need to be further explored.

The B2-ST131 Escherichia coli clone is currently spread world-
wide among humans, but it is also being frequently recovered

from livestock and companion animals (28, 29). Variants showing
highly similar pulsed-field gel electrophoresis (PFGE) types but
variable content of antibiotic resistance and virulence genes seem
to be locally amplified in different areas (1, 4, 7, 22, 33). The
acquisition of a diversity of genes encoding extended-spectrum
�-lactamases (ESBLs; mostly CTX-M-15), carbapenemases (VIM,
NDM, KPC), cephamycinases (CMY), methylases (AmrA), quin-
olone-modifying enzymes (QNR), and/or virulence factors (VFs)
seems to have contributed to the successful spread and persistence
of this clonal group (5, 29, 32, 33). Specific VFs (fyuA, papC, papG,
cnf1, or hlyA) potentially associated with in vitro biofilm produc-
tion on abiotic surfaces have been identified in ST131 strains (10,
24); however, this feature has been tested only in a reduced num-
ber of strains (2). We aim to analyze the diversity of B2-ST131 E.
coli isolates from different geographic origins and settings during
the last decades (1991 to 2010) and to assess the ability of isolates
representing particular lineages to adhere to and form biofilm on
abiotic surfaces.

We studied 32 B2-ST131 E. coli isolates (31 ST131 and one
ST1035, corresponding to a single-locus variant [SLV] of ST131)
obtained between 1991 and 2010, including ST131 strains in-
volved in nosocomial and community outbreaks but also isolates

from healthy volunteers, animals, and environmental samples
from different geographic areas and producing (18 CTX-M-15, 1
CTX-M-1, 1 CTX-M-3, 1 TEM-4, 1 TEM-24) and nonproducing
ESBLs (Table 1).

The relationship among isolates that was established by PFGE,
multilocus sequence typing (MLST), identification of serogroups,
and the presence of 38 genes encoding VFs presumptively associ-
ated with extraintestinal pathogenic E. coli (ExPEC) strains (5, 13,
19) indicated a high similarity in PFGE profiles (69.8% identity)
among the ST131 isolates (all but one identified as O25) and a high
virulence score (median, 11; range, 7 to 15), with most of the
isolates (n � 25, 78.1%) being considered ExPEC (66.7% of them
from urinary tract infections [UTIs] and 33.3% from other ExPEC
infections). Isolates were grouped in six clusters (showing 81.1%
to 90.9% identity) arbitrarily designated I to VI (Fig. 1).
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TABLE 1 Isolates included in this studya

Country
No. of
isolates ST Yr(s) obtained

Origin(s) (no. of
isolates) Reference(s)

Portugal 9 131 2001–2010 H (6), F (1), E (2) 21, Novais et al., submitted for publicationb

Spain 6 131 1991–2008 H (5), C (1) 5, 25
United Kingdom 3 131 ND H (3) 16
United States of America 3 131 2008 A (3) 14
France 3 131 2006 F (3) 18
Norway 2 131 2003 H (2) 23
Czech Republic 2 131 2006 H (2) 11
South Korea 2 131 2006–2007 C (2) 17
Switzerland 1 131 2005 H (1) 5
Croatia 1 1035 2005 H (1) 20
a ST, sequence type; H, hospitalized humans (obtained from representative outbreaks); C, community-acquired infections (obtained from representative outbreaks); F, healthy
humans (feces); A, animals (2 animal infections, 1 fecal isolate); E, environment (marine waters); ND, not determined.
b Â. Novais, C. Rodrigues, R. Branquinho, P. Antunes, F. Grosso, L. Boaventura, G. Ribeiro, and L. Peixe, submitted for publication.
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Most of the isolates belonging to clusters I to IV and VI
exhibited a common profile of virulence genes (fimH, iha, traT,
usp, sat, malX, fyuA, iutA, ompT) (n � 22, 69%) and also fre-
quently kpsMTII-K5 (n � 23, 71.9%), as previously observed (4, 15,
26). Variations to this profile include the presence of K1 antigen
(n � 8; mostly in cluster II), papEF (n � 5; mostly in cluster I) and
occasionally other pap alleles, ibeA (n � 4; all from cluster V), or
afa/draBC (n � 3; from clusters II and VI). Our results and the
high prevalence of each of these 11 virulence genes among ST131
and its SLV isolates in different surveys (over 60%) suggest clonal
diversification from a common ancestor by loss (kpsMTII-K5) or
acquisition (K1, pap, afa/draBC, ibeA) of specific virulence traits
(Fig. 1) (1, 6, 17), which would have originated variants with the
ability to spread and evolve in different hosts and settings (1, 4,
17). ST131 variants containing afa/draBC, a Dr antigen-specific
adhesin, were identified only in isolates (n � 3) from Spain and
the United Kingdom, where they seem to be particularly frequent
(over 25%) with respect to their presence in other countries (6.3 to
10%) (1, 4, 13, 15, 17). Interestingly, ST131 variants containing
ibeA (n � 4; P � 0.05, as determined by the Fisher exact test), a VF
previously associated with avian pathogenic E. coli (APEC) and
responsible for neonatal meningitis in humans (9, 22), corre-
sponded to early ST131 isolates (1991 to 2003) grouped in a sep-
arate branch (cluster V; 81.1% identity). These isolates seem to be
able to exhibit a diversity of genetic backgrounds (Fig. 1) (see
below) (4, 22).

Plasmid analysis (number, size, and replicon typing) inferred
by S1-PFGE, PCR-based replicon typing, and identification of
IncFII plasmids by using the recently proposed FAB formula
(based on FII, FIA, and FIB sequences) (www.pubmlst.org
/plasmid/) (5, 31) revealed a high diversity of IncF plasmids iden-
tified in all ST131 isolates and the variable presence of the IncN,
IncA/C, and IncI1 plasmid types, which seem to be enriching this
clonal group, as recently reported (26).

IncFII plasmids from CTX-M-15 producers (clusters I to IV
and VI; mostly from hospitalized patients) carried an FII replicon
previously designated allele F2 (n � 7), resembling pC15-1a (F2:
A�:B�; GenBank accession number AY458016), or FII plus FIA
(n � 9), resembling pEK499 (F2:A1:B�; GenBank accession

FIG 1 XbaI profiles were analyzed by InfoQuest FP version 5.4 software (Bio-
Rad Laboratories), and the percentage similarity was calculated by applying
the unweighted-pair group method using average linkages (UPGMA) algo-
rithm based on the Dice coefficient (1.0% band tolerance; 1.0% optimization).
(a) Isolates considered ExPEC are underlined. (b) H, hospitalized humans; C,
community-acquired infections; F, healthy humans; A, animal; E, environ-
ment (marine waters). (c) Plasmids encoding the ESBLs identified in each
isolate are shown in bold. FII plasmids were identified using the FAB formula
(FII, FIA, FIB), as proposed previously (31). Antibiotic susceptibility testing
was done by Etest and the disk diffusion method following CLSI guidelines (3)
(d) This isolate coproduces SHV-12. Asc. Liq., ascistic liquid. (e) fimH, type 1
fimbriae; papA, P fimbriae major subunit, pyelonephritis associated; papC, P
fimbriae assembly; papEF, P fimbriae minor tip pilins; papG allele II, papG
variant, pyelonephritis associated; papG allele III, P fimbriae adhesin, cystitis
associated; afa/draBC, Dr antigen-specific adhesin; iha, iron-regulated gene
homologue adhesin; sat, secreted autotransporter toxin; tsh, serine protease
autotransporter; fyuA, yersiniabactin receptor; iutA, ferric aerobactin recep-
tor; iroN, catecholate siderophore receptor; kpsMTII, group II capsular poly-
saccharide; kpsMTII K1, variant K1; kpsMTII K5, variant K5; traT, serum sur-
vival associated; iss, increased serum survival; ibeA, invasion of brain
endothelium; usp, uropathogen-specific protein; ompT, outer membrane pro-
tease; malX, pathogenicity-associated island marker. PT, Portugal; SP, Spain;
UK, United Kingdom; US, United States of America; FR, France; NW, Nor-
way; RC, Czech Republic; KO, South Korea; SW, Switzerland; CR, Croatia.
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number EU935739) (Fig. 1) (31, 32). These variants constitute
two of the most widespread CTX-M-15-encoding IncFII variants
described worldwide (5, 32). IncFII plasmids from non-CTX-
M-15 ST131 producers (clusters I, II, and III; mostly from extra-
hospital samples) contained FII, FIA, and FIB replicons (F1:A2:
B2; n � 9), identical to the multidrug-resistant plasmid pKF3-140
(GenBank accession number FJ876827), which was primarily
identified in a Klebsiella pneumoniae strain from hospitalized pa-
tients in China (2002 to 2006) (34) (Fig. 1). Interestingly, this
configuration was not found among international CTX-M-15
producers characterized in previous studies (5, 8, 27). IncFII plas-
mids from non-CTX-M-15 ST131 isolates from cluster V har-
bored FII allele F29, which is homologous to that of the pUTI89
virulence plasmid (GenBank accession number CP000244), and
all but one isolate also contained FIB (F29:A�:B10; n � 3). Most
of these isolates also carried non-IncFII plasmids (IncA/C, IncI1,
IncN) encoding ESBLs other than CTX-M-15 which seem to be
captured by particular ST131 backgrounds (1, 4, 22). Other con-
figurations were also sporadically detected (F2:A1:B1, F24:A1:B2,
F1:A�:B2, F1:A2:B�) and might have resulted from recombina-
torial events occurring among circulating IncFII plasmids, as pre-
viously suggested (5, 27).

The ability of representative ST131 E. coli isolates (variable
PFGE, virulence, and plasmid profiles) to adhere in vitro to abiotic
surfaces was investigated by a modified quantitative biofilm pro-
duction assay, adapted from previous studies (7, 12), and con-
firmed by confocal laser scanning microscopy (CLSM) and field
emission scanning electron microscopy (FESEM). The E. coli
strain CFT073 and the culture medium were used as positive and
negative controls, respectively. Assays were performed in tripli-
cate and repeated 4 times. The cutoff optical density (ODc) was
defined as three standard deviations above the mean OD of the
negative control (culture medium), and strains were classified as
nonadherent (OD � ODc), weakly adherent (ODc � OD � 2 �
ODc), moderately adherent (2 � ODc � OD � 4 � ODc), or
strongly adherent (4 � ODc � OD). Despite the presence of genes
presumptively implicated in adhesion to abiotic surfaces and/or
biofilm formation (fimH, pap alleles, afa/draBC, fyuA, iutA, or

ibeA), all strains tested (n � 20) were classified as weakly adherent,
with OD values ranging from 0.158 and 0.237 (Fig. 2). Although
adherent bacteria and clusters were sometimes observed in the
micrographs, none of the obtained images definitely showed a
mature biofilm (data not shown). In contrast with Clermont et al.
(2), our results seem to suggest that ST131 isolates with variable
virulence profiles and from different origins exhibited a low pro-
pensity to adhere and no ability to develop a mature biofilm on
abiotic surfaces, at least under the experimental conditions. Apart
from biofilm formation abilities, it cannot be discarded that cer-
tain predominant VFs, such as malX or usp, might have a role in
intestinal colonization (as malX or usp) or eventually mediate an
antibiofilm effect against other competitors (as kpsMTII), confer-
ring an advantage within the same bacterial communities, possi-
bilities which deserve to be further explored (30).

In summary, this study shows that worldwide disseminated
ST131 isolates from different origins and settings (ca. 70% iden-
tity; common virulence profiles) have recently been diversified
and that particular widespread lineages might have been selected
and amplified after acquisition of diverse and specific multidrug-
resistant IncFII plasmids. None of the isolates included in this
study was able to form biofilm in the tested conditions, highlight-
ing that additional studies are necessary to further investigate the
reasons favoring the expansion and persistence of the ST131
clonal group. This work contrasts with previous studies focused
on the characterization of locally predominant ST131 isolates, and
despite the limitations imposed by the sample size that may be
overcome by an increased and more balanced number of isolates
from different origins and periods of time, it allows us to gain
insights about the global ST131 population.
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